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ABSTRACT, The efficacy of the insect growth regulator, pyriproxyfen, against Chironomus fusciceps
was examined in the laboratory. A series of 6 concentrations (0.1-O.000O1 ppm) was used. A positive
relationship between mortality and concentration was observed in the pupal stage as well as in thl larval
stage. \riproxyfen caused 5O and 9OVo emergence inhibition of C. fusciceps at O.0Ol77 and 0.05369
ppm, respectively.
Chironomids are very widely distributed and
frequently the most abundant insects in fresh wa-
ter, and some species can develop under extreme
conditions of temperature, pH, salinity, and depth
(Armitage et al. 1995). Chironomus fusciceps Ya-
mamoto is an example of such species which
breed in the sulphur-containing waters of high
temperature and low pH in the Unzen volcanic
area, Nagasaki, Japan (Yamamoto 1990). The im-
matures of this species inhabit streams receiving
water fiom hot springs. Because of the high water
temperature throughout the year, this species can
breed year-round and produce many adults even
during winter. The aduls are attracted in large
numbers to light, causing great discomfort in res-
idential areas including hotels at Unzen.
Insect growth regulators, because of their high
activity, low persistence in the environment, and
safety to nontarget organisms, have become an
important tool for the control of nuisance chiron-
omids. Their effrcacy has been tested in both the
laboratory and field (Ali and Lord 1980, Thbaru
1985, Ali et al- 1993, Tiayler et al. 1994).
A laboratory experiment was conducted to
evaluate the efficacy of pyriproxyfen against C.
fusciceps. The lethal effects of pyriproxyfen on
immafures were analyzed, and concentrations of
50 and 9OEo err;tergerrce inhibition were estimated.
The larvae of C. fusciceps used in the experi-
ment were collected together with sand in De-
cember 1990 from a stream in the Unzen volcanic
area, Obarna-cho, Nagasaki prefecture, Japan.
Water from hot springs flows into the stream, and,
when the larval collection was made. the water
temperature of the stream was 26t at pH : 3.
The larvae were reared in glass vials (9 cm diam
X 6 cm deep) containing the sand (5 mm deep)
and 200 ml of water from the stream. Fifty ma-
ture larvae were introduced into each viat and no
food was supplied. Fourteen glass vials were con-
tinuously aerated by a tube and kept in a water
bath controlled at 27 -28"C during the experiment.
The water volume was kept constant by adding
distilled water to each glass vial. The pH of the
treated water was 2-3 during the experiment.
A O.2Vo pyriproxyfen stock solution in ethanol
was serially diluted. A series of 6 concentrations
(0.1-O.fin01 ppm) was obtained by adding 0.5
ml of the ethanol solutions to the water. Each
concentration and the control were made in du-
Table l. Daily changes in the number of emerging adults and dead pupae for 16 days after
treatment with 6 different concentrations of pyriproxyfen.
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plicate for a test. The number of pupal skins on
the water surface and dead pupae were counted
and removed daily for 16 days after treatment.
The numbers of larvae and pupae in the sand
were not counted. After the last observation, the
sand was checked for larvae and pupae; no sur-
viving larvae and pupae were found. Thus, the
number of dead larvae was calculated from the
initial number of larvae and the numbers of dead
pupae and emerging adults. The test was con-
ducted once, and the results from 2 replications
were pooled and analyzed.
The daily changes in the number of emerging
adults and dead pupae for 16 days after the treat-
ment are given in Table l. The effects of pyri-
proxyfen were shown clearly by the total number
of emerging adults and the peak of adult emer-
gence. The total number of emerging adults de-
creased according to the increase in concentra-
tion. The peak of adult emergence was observed
at 4 days after treatment in the control and in the
lower 3 concentrations. In higher concentrations
of 0.01 and 0.05 ppm, adult emergence was de-
layed and the peak was observed at 5 and 8 days,
respectively.
The daily changes in the number of dead pupae
in the higher concentrations suggest the delayed
development of mature larvae. Dead pupae ap
peared at 8, 9, and 14 days after treatment in the
higher concentrations (O.O5 and O.l ppm), where-
as they were collected at 2-8 days after treatrnent
in the lower concentrations (O.00001, O.fi[], and
0.001 ppm).
The mortality of pupae became higher with in-
creasing concentration, although the number of
dead pupae was greatest in the intermediate con-
centration of 0.01 ppm. A positive correlation be-
tween larval mortality and the insect growth reg-
ulator concentration also existed, suggesting that
pyriproxyfen is lethal not only to the pupae but
also to the larvae of C. fusciceps.
The inhibition rates of adult emergence were
calculated and the Probit analysis was performed.
The concentrations of 50 and9oVo emergence in-
hibition (EI) were estimated as 0.00177 and
0.05369 ppm, respectively (f : 0.91). The esti-
mated value of Efu of pyriproxyfen against C.
fusciceps was 5 times higher than that observed
in Polypedilum nubifur (Skuse) (Trayler et al.
1994) and nearly the same as that of Stauffer
MV-678 against Chironomus decorus Johannsen
(Ali and Lord 1980).
We are grateful to the JS Research Society, Ja-
pan Environmental Sanitation Center, for supply-
ing the test compound, pyriproxyfen.
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